We examined the accuracy of preoperative assessment in predicting nary complications, either have not been evaluated or were postoperative pulmonary risk in a prospective cohort of 272 consecnot found to be associated with these complications (3).
ments of this evaluation in patients undergoing nonthoracic
Keywords: complications, postoperative; clinical skills; pulmonary funcsurgical procedures. We hypothesized that some factors detion tests tectable during the preoperative assessment would be significantly associated with postoperative pulmonary complicaAlthough pulmonary complications afflict almost 5% of pations. tients after noncardiac surgery (1, 2) , only seven studies have Some of the results of this study have been previously rigorously evaluated the accuracy of preoperative or operareported in the form of an abstract at the 2001 American tive variables in the prediction of postoperative pulmonary College of Chest Physicians Meeting (4). complications in patients undergoing nonthoracic surgery (3).
The patients enrolled, variables tested, and outcomes as-METHODS sessed in these seven studies varied widely, and several key elements of the history, physical examination, and pulmonary Investigators who saw preoperative consultations at the behest of other function tests, which are often cited as predictive of pulmophysicians were recruited from the Clinical Assessment of the Reliability of the Examination (CARE) study group (see http://www.carestudy. com for details) as per previous studies from our group (5, 6). Ten groups (22 investigators, all of whom were general internists or pulmonologists) enrolled consecutive outpatients referred for preoperative (Received in original form September 3, 2002 ; accepted in final form November 12, 2002) consultation over a defined time period, regardless of pulmonary status. Patients were excluded if they were mechanically ventilated at the time (Tables 1-3) using a standardized protocol and data collection sheets.
Straus (Toronto, ON, Canada).
A second investigator from that group, blinded to the results of the first investigator's assessment or laboratory tests, collected the outcome Tables 1-3 (Table 3) . Howrisk patients (i.e., without inclusion of laboratory data) with the p value ever, in contrast to our a priori hypothesis, patients at a higher for significance set at 0.05 or less (8) .
risk of pulmonary complications were not more likely to have Additional detail on the data collection procedures, the variables these tests done preoperatively. For example, although patients collected (including how to perform the physical examination maneuwho had preoperative pulmonary function tests had a postoperavers and the types of surgeries included), the outcomes sought, and tive pulmonary complication rate of 6.9%, the complication rate data analysis is provided in an online supplement.
in those who didn't have pulmonary function tests done was 9.4% (and 6.3% versus 8.7% for arterial blood gases).
RESULTS
The multiple regression model for clinical variables present We enrolled 272 consecutive patients who were referred to the at the preoperative assessment (i.e., not including laboratory participating investigators for preoperative consultation. The tests) that best fit the data included these variables: had an age mean age was 62 years; 108 (40%) were men, and 22 patients of 65 years or more (OR 1.8, p ϭ 0.02), smoked 40 pack-years (8%) suffered a postoperative pulmonary complication: six respior more (OR 1.9, p ϭ 0.02), and had a maximum laryngeal ratory failure requiring ventilatory support, nine postoperative height of 4 cm or less (OR 2.0, p ϭ 0.007). The area under the receiver operating characteristic curve for this model was 0.79 pneumonia, and seven atelectasis requiring bronchoscopic inter- In the case of operative variables, referent groups were all other surgeries (see online supplement for full listing of surgery types) versus upper abdominal incision, regional anesthetic versus general anesthetic, and less than 2.5 hours versus 2.5 hours or more. and, using a leave-one-out cross-validation procedure, was estiout cross-validation procedure confirmed the internal validity of our results (13). Second, the selection bias inherent in studying mated to be 0.67 for new data. We decided a priori to not include a sample of patients referred for preoperative consultation (allaboratory data in the preoperative clinical factors multiple rebeit consecutive patients) rather than unselected patients undergression analysis as (1 ) not all patients would have had the tests going surgery may lead to overestimation of the ORs (14, 15), done (since the performance of laboratory tests was left to the although our observed pulmonary complication rate (8.1%) was discretion of the attending physician caring for the patients) within the range reported in previous studies (3) . Third, we do and because (2) we wanted to determine which clinical factors not have any information on whether other physicians sent these identified high-risk patients who should subsequently undergo patients to the participating internists and pulmonologists bepulmonary function tests or arterial blood gases to define their cause they were felt to be at higher pulmonary risk; however, risk better. We did include dummy variables to determine the participating physicians reported that virtually all of these whether being sent for particular laboratory tests predicted consultations were for the assessment and management of carrisk-none did. diovascular risk. Fourth, we relied on patient self-report for smoking history and exercise capacity, and some may question DISCUSSION the accuracy of patient recall for these factors. However, there This study demonstrates that a focused preoperative assessment seems little reason to believe that patients in this study would can identify patients at increased risk for pulmonary complicasystematically overestimate/underestimate their smoking history tions after nonthoracic surgery. These findings complement the or exercise capacity compared with patients seen in usual pracrecently published risk prediction equations for respiratory failtice, and as such, this "limitation" has little bearing on our findure and pneumonia (1, 22) and extend their findings, as we ings about which elements of the history reported by patients assessed a variety of clinically relevant factors (particularly physito their internists/pulmonologists are useful in predicting which cal examination maneuvers) not evaluated in their study.
patients are at increased postoperative pulmonary risk. Fifth, we Although an "abnormal preoperative physical examination" restricted our postoperative surveillance to those complications has previously been shown to predict postoperative pulmonary that were irrefutably "pulmonary" and did not record whether complications (9), we were able to define the specific elements any patients who did not fit our definition of "postoperative of the physical examination that were most useful. Similarly, pulmonary complication" had another complication (such as although others have shown that smoking history correlates with heart failure or pulmonary embolism), which may have necessipulmonary complications (1, 2, 10), we were able to provide a tated the use of oxygen therapy in the postoperative period. quantitative estimate of this increased risk. The ORs we found Finally, preoperative pulmonary function tests or arterial blood for other elements of the preoperative evaluation are consistent gases were not done in all patients and were left to the discretion with those reported in earlier studies: a history of chronic obof the attending physicians looking after the patients: Their ORs structive airways disease (OR 4.2 in our study versus 4.5 in may have been overestimated if they were selectively done in a study of 1,331 patients undergoing abdominal surgery) (11), higher risk individuals (a theoretical concern [15] but one not dyspnea-limited exercise capacity two blocks or less (OR 3.0 in supported by our finding that postoperative pulmonary compliour study versus 2.9 in a study of 73 patients undergoing head cations were actually more common in patients who did not have and neck surgery) (10), and productive cough preoperatively pulmonary function tests or arterial blood gases performed). (OR 1.9 in our study versus 2.2 in a study of 148 patients undergoAlthough these tests do appear to be highly useful in predicting ing a variety of surgical procedures) (12). Similar to four of five pulmonary risk, the potential expense and risks if these tests previous studies (3), we were not able to demonstrate a greater were performed in all patients preoperatively fuel the search for risk of pulmonary complications in patients undergoing general clinical prediction rules such as ours that can identify high-risk anesthesia or having an upper abdominal incision. Finally, our individuals in whom these tests may be most useful (14). study is the first using a blinded and independent comparison Our study provides information about the accuracy of key of preoperative tests and postoperative outcomes to demonstrate elements of the preoperative assessment (history and physical that hypercapnea and reduced FVC do correlate with pulmonary examination) as well as laboratory testing in predicting pulmocomplications after nonthoracic surgery (3) . nary risk in patients referred to internists or pulmonologists. There are a number of limitations with our study. First, this
Our method was rigorous in that we collected preoperative data prediction model has not been validated in an independent data from consecutive patients in a standardized format, and postoperative outcomes were assessed by an independent investigator set, although a validation study is ongoing and our leave-one-
